We consider the problem of locating and identifying a collection of finitely many cracks inside a planar domain from measurements of the electrostatic boundary potentials induced by specified current fluxes. It is shown that a collection of n or fewer cracks can be uniquely identified by measuring the boundary potentials induced by n + 1 specified current fluxes, consisting entirely of electrode pairs.
Introduction
In a recent paper, [1] , A. Friedman and M. Vogelius proved that the presence of a single crack, its shape and location inside a planar domain may be determined from measurements of the steady state boundary voltage potentials corresponding to two specific boundary current fluxes. In the present paper we extend this result to any finite number of cracks: we show that voltage measurements corresponding to n + 1 specific fluxes suffice to determine the location and shape of a collection of n (or fewer) cracks. In contrast to [1] the fluxes we use here all consist of electrode pairs -exactly the type of fluxes which are used for the computational algorithm developed in [2] .
Let Q be a simply connected domain in 1R2 with a smooth boundary.
In order to describe our result in detail we need to define the notion of a collection of cracks. By a .. ,n. We use capital Greek letters to denote collections of cracks, e.g. E = {aOk}=1; note that n may possibly be zero, so that E is empty. We shall also use the notation Ok and E for the image of each of the individual curves and the union of all the images, respectively (i.e., E = U.k= 1 'k). Let -y : N --+ R be a positive function (the known reference conductivity). Throughout this paper we assume that -y is real-analytic on n.
In the following, when a function is referred to as being analytic, this shall always mean real-analytic. Quite frequently in the literature the term crack is used synonymously with an electrically insulating crack: if 0 represents the boundary voltage, then the steady state voltage potential satisfies
In this framework the inverse problem is to determine E from knowledge of several pairs
We shall, instead of working with the potential v, 
where s denotes the counter-clockwise tangent direction on 0. 
Preliminaries
The proof of our main results consists in a very detailed analysis of the structure of the level curves of solutions to the equation V • (-1 Vu) = 0.
For that purpose we shall need two auxiliary lemmas. 
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The proof of this lemma is identical to the proof of lemma 2.3 in [1] . We shall not repeat the the proof here. The second lemma we need concerns the existence of intersecting level curves. Some of the details of the proof of this result are not unlike those found in the proof of lemma 2.3 in [1] , but for the convenience of the reader we give a complete proof here. Since u is analytic near x*, it is well known that u as a function of (r, 0) is analytic on [0, c] x [0, 27r], the main point being that it is analytic at r = 0
and therefore also has an analytic extension to [-c , c] for a sufficiently small E (indeed the analytic extension for negative r is given by ii(r, 0) = u(-r, 0+7r), Let 0 be the open set enclosed by E and t, i.e., the set of points in Q \ (E U t) from which it is only possible to reach OQ by crossing E or . Since Q \ (0 U 2 U t) has only one connected component, it follows from the assumptions about the bound;iv data (by unique continuation) that (3.5a) p, n P0 = {, (3.5b) u is constant on pi.
Lemma 2.1 permits us to extend each of the curves pi until it hits the boundary or one of the cracks in E, this way we obtain curves pi which in addition to (3.5a) and (3.5b) satisfy (3.5c) pi has one endpoint on at or Ok for some k, (3.5d) pi has the other endpoint on OQ or al for some I an. I -k.
The fact that the extended curve pi still only intersects p0 at xi is proven as follows: if pi intersected po at some other point x' then there would be some nonempty region 0 enclosed by po and pi with u constant on 00. By the max-9 imum principle u would be constant on 0 and hence it would be constant on all of Q2. This clearlv contradicts the fact that -U'Ov = '-I aj (6p° -6p,) on Ofl where the Pj are distinct and at least one aj is nonzero. Since all the curves pi intersect po, the function u assumes the same constant value on 
